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ELECTROPIPETTOR AND 
COMPENSATION MEANS FOR ELECT ROP H ORET I C BIAS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. 
Patent Application Serial No. 08/760,446, filed December 6, 
1996. which is a continuation-in-part of U.S. 

Application Serial No. 08/671,986, filed ,une 2 8, 1996, all of 
which are incorporated herein by reference in their entxrety 
for all purposes. 

BACKGROUND OF THE INVENTION 

There has been a growing interest in the manufacture 
and use of microf luidic systems for the ac ^ isiti ° n J* v 
chemical and biochemical information. ^TT^T^ 
associated with the semiconductor electronxcs xndustry such 
as photolithography, wet chemical etching etc., are hex g 
used in the fabrication of these microfluxdxc syste» S; The 
term, "microf luidic" , refers to a system or devic > havxng 
channels and chambers which are generally fabricated at the 
micron or submicron scale, e.g., having at least one <=" s * 

• : n . he rana e of from about 0.1 to about 

sectional dimensxon xn the range oi 

500 ,m. Early discussions of the use of planar chxp 
technology for the fabrication of microfluxdxc systems are 

provided in Man* et al., ^^^^ 33: i- 
in /c^ . 144-149 and Manz et ai» / aym ■ *«' 

KMDj.x** J***^ ^iMirtif devices and 

66, which describe the fabrication of such fluxdxc dev 
particularly microcapillary devices, in sxlxcon and glass 

substrates • . j 

Applications of microf luidic systees are myriad. 

For e«a*,le, International Patent Appln. wo «/0«47 

puoUshed February 15, 1«6. describes the use of 

systems for capillary electrophoresis, liquid 

flow injection analysis, and chemical reaction and synthe. s 

U.S. Patent Appln. Serial »o. 08/671.9S7, filed June 28, it.6. 
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and incorporated herein by reference, discloses wide ranging 
applications of microfluidic systems in rapidly assaying large 
number of compounds for their effects on chemical, and 
preferably, biochemical systems. The phrase, -biochemical 
system," generally refers to a chemical interaction which 
involves molecules of the type generally found within living 
organisms. Such interactions include the full range of 
catabolic and anabolic reactions which occur in living systems 
including enzymatic, binding, signaling and other reactions. 
Biochemical systems of particular interest include, e.g., 
receptor-ligand interactions, enzyme-substrate interactions, 
cellular signaling pathways, transport reactions involving 
model barrier systems {e.g., cells or membrane fractions) for 
bioavailability screening, and a variety of other general 
systems . 

Many methods have been described for the transport 
and direction of fluids, e.g., samples, analytes, buffers and 
reagents, within these microfluidic systems or devices. One 
method moves fluids within microfabricated devices by 
mechanical micropumps and valves within the device. See, 
Published U.K. Patent Application No. 2 248 891 (10/18/90), 
Published European Patent Application No. 568 902 (5/2/92), 
U.S. Patent Nos. 5,271,724 (8/21/91) and 5,277,556 (7/3/91). 

See also, u.s: Patent No. 5,171,132 (12/21/90) to Miyazaki et 
al. Another method uses acoustic energy to move fluid samples 
within devices by the effects of acoustic streaming. See, 
Published PCT Application No. 94/05414 to Northrup and White. 
A straightforward method applies external pressure to move 
fluids within the device. See, e.g., the discussion in U.S. 
Patent No. 5,304,487 to Wilding et al. 

Still another method uses electric fields to move 
fluid materials through the channels of the microfluidic 
system. See, e.g., Published European Patent Application No. 
376 611 (12/30/88) to Kovacs, Harrison et al., Anal. nh«m. 

(1992) 64:1926-1932 and Manz et al. J. Chrnm^nr, (1992 , 
593:253-258, U.S. Patent No. 5,126,022 to Soane. 

Electrokinetic forces have the advantages of direct control, 
fast response and simplicity. However, there are still some 
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disadvantages, ror maximum .fficiency, it * -"^T^ 

the 4H t mat.rU!* b. tr.n.ported as closely " 
possible. »on.theles.. th. trials should be 
without cross-contamination fro. other transported materials. 
Further, the material* in one state at one location in a 
microfluidic system should remain in the same state after 
hein, moved to another location in the microfluidic system 
Th... condition, per.it th. t..ting, analysis and reaction of 
to. compound materials to be controlled, when and where 

dMir " i ' in a microfluidic system in which the material, are 
moved by electroXinetic force., the charged molecules and ion. 
In l Llect material regions and in th. region, .operating 
these subiect material region, are =ubj.ct.d to variou, 
.lectric fields to effect fluid flow. 

Upon application of th... .lectric fields. howev.r; 

differently charged .p.cie. within the ^ ^ ly 

exh i b it ««™\^t::?*«ttz:* ^ju-* 

charged species will move at a aine Af <Hfftr««t 

t„ eh. n »st the separation of different 
charged species. In the past, tne ssy 

^ , . subiected to an electric 

species within a sample that was sub^ecre 

field wa. not con.ider.d a ^ "s ^ver, 
desired r.sult, ..a., m capillary aloctropn 
where simple fluid transport is d.sired. these varied 
mobiliti.. can reeult in an und..ir.bl. alteration or 
-electrophoretic bia." in th. subj.ct material. 

Without consideration and ...sures to avoid cross 
contamination, th. microfluidic system —t 
separat. th. sublet materials, or. in th. worst ca... -» 
the material, one at a tim. through the system. In either 
case, efficiency o, the microfluidic system is markedly 
.educed. Furthermore, if the state of 
materials cannot be maintain.* in transport, then many 
applications which require th. material, to arrive at a 
location unchanged must be avoided. 

The present invention solves or substantially 
mitigate, these problem, of el.ctroWnetic transport. «th 
"e present invention, microfluidic systems can move materials 
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efficiently and without undesired change in the transported 
materials The present invention presents a high throughput 

mxcrofluidic system having direct fast »„h • ut " Ugnput 
contrn] nxr ^ y uxrect, fast and straightforward 

such , E ln the £ «i ds of ohe „ iBtry _ blocllemi 
biotechnology, .Secular blolow and nu „ erous other fUW£ 

SUMMARY OF THE INVENTION 

svstem wmT r 686 ^ inVenti ° n P rovides a microfluidic 

chlnn , / Ctr °° S,n0tiCally n ° VeS SUb ^ ect «t«i.l along 
channels xn fluid slugs, a i so termed Subject material 

regions," from a first point to a second point in the 
mxcrofluidic system. A first spacer region of high ionic 

LlTonr i0 : C ° ntaCtS 6aCh — ial on at 

least one sxde and second spacer regions of low ionic 

rs^wr 0 "/" ^ thC SUb ^ Ct "^-ial regions 

of subject materxal and first or high ionic concentration 
spacer regions so that at least one low ionic concentration 
region xs always between the first and second points to ensure 
that most of the voltage drop and resulting electric field 
between the two points is across the low ionic concentration 
region • 

The present invention also provides for a 
electropipettor which is compatible with a microfluidic system 
whxch moves subject materials with electroosmotic forces. The 
electropipettor has a capillary having a channel. An 
electrode is attached along the outside length of the 
capillary and terminates in a electrode ring at the end of the 
capxllary. By manipulating the voltages on the electrode and 
the electrode at a target reservoir to which the channel is 
fluxdly connected when the end of the capillary is placed into 
»aterxal source, materials are electrokinetically introduced 
into the channel. A train of subject material regions, high 
and low ionic concentration buffer or spacer regions can be 
created in the channel for easy introduction into the 
microfluidic system. 
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The present invention further compensates for 
electrophoretic bias as the subject materials are 
electroKinetically transported along the channels of a 
microfluidic system. In one embodiment a channel between 
points of the microfluidic system has two portions with 
sidewalls of opposite surface charges. An electrode xs placed 
between the two portions. With the voltages at the two points 
substantially equal and the middle electrode between the two 
portions set differently, electrophoretic forces are in 
opposite directions in the two portions, while electronic 
forces are in the same direction. As subject material xs 
transported from one point to the other, electrophoreses b as 
is compensated for, while electroosmotic forces move the fluxd 

materials through the channel. 

in another embodiment a chamber is formed at tne 
intersection of channels of a microfluidic system. The 
chamber has sidewalls connecting the sidewalls of the 
intersecting channels. When a subject material region is 
diverted from one channel into another channel at the 
intersection, the chamber sidewalls funnel the subject 
material region into the second channel. The width of the 
second channel is such that diffusion mixes any ^ect 
Material which had been electrophoretically biased in the 
subject material region as it traveled along the first 

channel. ^ ^ furth er embodiment, the present invention 

provides a microfluidic system and method of using that system 
for controllably delivering a fluid stream within a 
microfluidic device having at least two intersecting channels. 
The system includes a substrate having the at least two 
intersecting channels disposed therein. In this aspect the 
one of the channels is deeper than the other channel. The 
system also includes an eXectroosmotic fluid direction system. 
The system is particularly useful where the fluid stream 
comprises at least two fluid regions having different ionic 

strengths. . . _ 

The present invention also provides a sampling 

system using the electropipettor of the invention. The 
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sampling system includes a sample substrate, which has a 
plurality of different samples immobilized thereon. Also 
included is a translation system for moving the 
electropipettor relative to said sample substrate. 

The invention as hereinbefore described may be put 
into a plurality of different uses, which are themselves 
inventive, for example, as follows: 

The use of a substrate having a channel, in 
transporting at least a first subject material from at 
least a first location to a second location along the 
channel, utilizing at least one region of low ionic 
concentration which is transported along the channel due 
to an applied voltage. 

A use of the aforementioned invention, in which the 
ionic concentration of the one region is substantially 
lower than that of the subject material. 

A use of the aforementioned invention, wherein a 
Plurality of subject materials are transported, separated 
by high ionic concentration spacer regions. 

The use of a substrate having a channel along which 
at least a first subject material may be transported, in 
electrophoretic bias compensation, the channel being 
dxvided into a first and a second portion, in which the 
wall or walls of the channel are oppositely charged, such 
that electrophoretic bias on the at least first subject 
material due to transportation in the first portion is 
substantially compensated for by electrophoretic bias due 
to transport in the second portion. 

A use of the aforementioned invention in which a 
first electrode is located at a remote end of the first 
portion, a second electrode is located at the 
intersection between the portions and a third electrode 
is located at a remote end of the second portion. 

A use of the aforementioned invention, in which the 
substrate is a microf luidic system. 

A use of the aforementioned invention in which the 
substrate is an electropipettor. 
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A use of the aforementioned invention, in which the 
- electropipettor has a main channel for transportation of 
the subject material and at least one further channel 
fluidly connected to the main channel from which a 
further material to be transported along the main channel 

is obtained. , 

A use of the aforementioned invention, in which the 

further material is drawn into the main channel as a 
buffer region between each of a plurality of separate 

subject materials. 

The use of a microf luidic system having at least a 
first and a second fluid channel which intersect, in 
optimizing flow conditions, the channels having different 

^Tuse of the aforementioned invention in which one 
channel is between 2 to 10 times deeper than the other 

channel. . * *,.«.*- 

The use of a microfluidic system having a first 

channel and a second channel intersecting the first 
channel, in electrophoretic compensation, the 
intersection between the channels being shaped 
a fluid being transported along the first channel towards 
. the second channel is mixed at the intersection and any 
electrophoretic bias in the fluid is dissipated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a schematic illustration of one 
embodiment of a microfluidic system; 

Figure 2A illustrates an arrangement of fluid 

.. n«„ in a channel of the microfluidic system of 
regions traveling in a cnannex wj. 

Figure 1, according to one e«*odi.ent of the present 
invention; Figure » is a scaled drawing of another 
of different fluid regions traveling in a channel of the 
B icrof luidic syste. according to the ^ 

Figure 3A is another arrangement with high ionic 
concentration spacer regions hefore a subject .aterial region 
traveling within a channel of the .icrof luidic system, Figure 
3, shows an arrangement with high ionic concentration spacer 
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regions after a subject material region traveling in a channel 
of the microfluidic system; 

Figure 4A is a schematic diagram of one embodiment 
of a electropipettor according to the present invention- 
Figure 4B is a schematic diagram of another electropipettor 
according to the present invention; 

Figure 5 is a schematic diagram of a channel having 
portions with oppositely charged sidewalls in a microfluidic 
system, according to the present invention; and 

Figures 6A-6D illustrate the mixing action of 
funneling sidewalls at the intersection of channels in a 
microfluidic system, according to the present invention. 

Figure 7 A shows the results of three injections of a 
sample fluid made up of two oppositely charged chemical 
species in a low salt buffer, into a capillary filled „ it h low 
salt buffer. Figure 7B shows the results of three sample 
injections where the sample is in high salt buffer, high salt 
buffer fluids were injected at either end of the sample region 
to function as guard bands, and the sample/guard bands were 
run m a low salt buffer filled capillary. Figure 7C shows 
the results of three sample injections similar to that of 
Figure 7B except that the size of the low salt spacer region 
between the sample/high salt spacers (guard bands) is reduced, 
allowing partial resolution of the species within the sample, ' 
without allowing the sample elements to compromise subsequent 
or previous samples. 

Figure 8 shows a schematic illustration of an 
electropipettor for use with a sampling system using samples 
immobilized, e.g., dried, on a substrate sheet or matrix. 

Figure 9A is a plot of fluorescence versus time 
which illustrates the movement of a sample fluid made up of 
test chemical species which is periodically injected into, and 
moved through, an electropipettor, according to the present 
invention. Figure 9B is another plot which shows the movement 
of the sample fluid with the chemical species through a 
microfluidic substrate which is connected to the 
electropipettor, under different parameters. Figure 9C is a 
Plot which illustrates the movement of the sample fluid and 
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i ^voninettor formed from an air 
chemical species through an electropipettor 

abraded substrate. illustrates the 

Figure 10 is a plot which again illustrate 

moveB ent of a chemical species in a ^^^m 
-en Periodically injected into a„ " 
to the present invention. In this exp 
a small molecule compound. 

t + f 

DETAILED DESCRIPTION OF THE INVENTION 

— » ji «. Cuff ^oth 




J, i discloses . representative dx.gr.. of an 

„<.,„idic system 100 according to the present 
exe.pl.ry microfluidic »Vst«« fabrioWd in 

invention. As shown, the overall device loo 
Hl.nar substrate i». suitable substrate - e „. * are 

ge^rally selected — ^^L"^ » - — 



Cra^e! ionic concentration. - -^teri.L are _ 

selected for their inertness to syste m. 
analysis or synthesis to be g . , glass , 

Useful substrate materials include, e.g 9 
„ as well as polymeric substrates, e.g., 

auartz and silicon, as wen f a , lirHve 

, e * ics in the case of conductive or semiconductive 

:rrtes. In th:„ — . .n .--^^-^1-- 

.ubstrate. This is particularly -"-^^.f I1Bl4 
incorporates electrical elements, e ,.. electr 
direction system*, sensors and th. , UKe. ^ 
electroos»tic fotces^o move material. ^ 
discussed below. " the case of no „-ri,id, 
substrate materials may be rigid. the use £or 

opaque. semi-opague or "ans^ _dep.nd g^ P^ ^ 
which they are intended. For example. „. 
.„ optical or visual detec ion J BtHilll t0 

rrrit" e :r -iU^e that detection, .lt.n-.tiv.ly. 

;:::;.rent — of .., n - 

incorporated into the device for these ryp 
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elements. Additionally, the polymeric materials may have 
linear or branched backbones, and may be crosslinked or non- 
crosslinked. Examples of particularly preferred polymeric 
materials include, e.g., polydimethylsiloxanes (PDMS) , 
polyurethane, polyvinylchloride (PVC) , polystyrene, 
polysulfone, polycarbonate and the like. 

The system shown in Figure 1 includes a series of 
channels 110, 112, 114 and lie fabricated into the surface of 
the substrate 102. As discussed in the definition of 
"microfluidic," these channels typically have very small cross 
sectional dimensions, preferably in the range of from about 
0.1 m« to about 100 m . F or the particular applications 
discussed below, channels with depths of about 10 w and 
widths of about 60 M m work effectively, though deviations from 
these dimensions are also possible. 

Manufacturing of these channels and other microscale 
elements into the surface of the substrate 102 may be carried 
out by any number of microfabrication techniques that are well 
known in the art. For example, lithographic techniques may be 
employed in fabricating glass, quartz or silicon substrates, 
for example, with methods well known in the semiconductor 
manufacturing industries. Photolithographic masking, plasma 
or wet etching and other semiconductor processing technologies 
define microscale elements in and on substrate surfaces. 
Alternatively, micromachining methods, such as laser drilling 
micromilling and the like, may be employed. Similarly, for 
polymeric substrates, well known manufacturing techniques may 
also be used. These techniques include injection molding 
techniques or stamp molding methods where large numbers of 
substrates may be produced using, e.g., rolling stamps to 
produce large sheets of microscale substrates, or polymer 
microcasting techniques where the substrate is polymerized 
within a microfabricated mold. 

Besides the substrate 102 , the microf luidic system 
includes an additional planar element (not shown) which 
overlays the channeled substrate 102 to enclose and fluidly 
seal the various channels to form conduits. The planar cover 
element may be attached to the substrate by a variety of 
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means, including, e.g., thermal bonding, adhesive* or, in the 
case of glass, or semi-rigid and non-rigid polymeric 
substrates, a natural adhesion betveen the two components. 
The planar cover element may additionally be provided with 
access ports and/or reservoirs for introducing the various 
fluid elements needed for a particular screen. 

The system 100 shown in Figure 1 also includes 
reservoirs 104, 106 and 108, which are disposed and fluidly 
connected at the ends of the channels 114 , 116 and 110 
respectively. As shown, sample channel 112, is used to 
introduce a plurality of different subject materials into the 
device. As such, the channel 112 is fluidly connected to a 
source of large numbers of separate subject materials which 
are individually introduced into the sample channel 112 and 
subsequently into another channel 110. As shown, the channel 
HO is used for analyzing the subject materials by 
electrophoresis. It should be noted that the term, "subject 
materials," simply refers to the material, such as a chemical 
or biological compound, of interest. Subject compounds may 
include a wide variety of different compounds, including 
chemical compounds, mixtures of chemical compounds, e.g., 
polysaccharides, small organic or inorganic molecules, 
biological macromolecules, e.g., peptides, proteins, nucleic 
acids, or extracts made from biological materials, such as 
bacteria, plants, fungi, or animal cells or tissues, naturally 
occurring or synthetic compositions. 

The system 100 moves materials through the channels 
110 112, 114 and 116 by electrokinetic forces which are 
provided by a voltage controller that is capable of applying 
selectable voltage levels, simultaneously, to each of the 
reservoirs, including ground. Such a voltage controller can 
be implemented using multiple voltage dividers and multiple 
relays to obtain the selectable voltage levels. 
Alternatively, multiple independent voltage sources may be 
used. The voltage controller is electrically connected to 
each of the reservoirs via an electrode positioned or 
fabricated within each of the plurality of reservoirs. See 
for example, published International Patent Application No. WO 
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96/04547 to Ramsey, which is incorporated herein by reference 
in its entirety for all purposes. 

II- Electron n.»i--ir» Trf>"gpnrt 

The electrokinetic forces on the fluid materials in 
the channels of the system 100 may be separated into 
electroosmotic forces and electrophoretic forces . The fluid 
control systems used in the system of the present invention 
employ electroosmotic force to move, direct and mix fluids in 
the various channels and reaction chambers present on the 
surface of the substrate 102. m brief, when an appropriate 
f luad is placed in a channel or other fluid conduit having 
functional groups present at the surface, those groups can 
ionize. Where the surface of the channel includes hydroxy 1 
functional groups at the surface, for example, protons can 
leave the surface of the channel and enter the fluid. Under 
such conditions, the surface possesses a net negative charge, 
whereas the fluid possesses an excess of protons or positive' 
charge, particularly localized near the interface between the 
channel surface and the fluid. 

By applying an electric field across the length of 
the channel, cations flow toward the negative electrode. 
Movement of the positively charged species in the fluid pulls 
the solvent with them. The steady state velocity of this 
fluid movement is generally given by the equation: 

v = e£E 
4nn 

where v is the solvent velocity, e is the dielectric constant 
of the fluid, Z, is the zeta potential of the surface, E is the 
electric field strength, and n is the solvent viscosity. 
Thus, as can be easily seen from this equation, the solvent 
velocity is directly proportional to the zeta potential and 
the applied field. 

Besides electroosmotic forces, there are also 
electrophoretic forces which affect charged molecules as they 
move through the channels of the system 100. m the transport 
of subject materials from one point to another point in the 
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system 100, it is often desirable for the composition of the 
subject materials to remain .unaffected in the transport, i.e., 
that the subject materials are not electrophoretically 

differentiated in the transport. 

in accordance with the present invention, the 
subject materials are moved about the channels as slugs of 
fluid (hereafter termed "subject material regions") , which 
have a high ionic concentration to minimize electrophone 
forces on the subject materials within these particular 
regions. To minimize the effect of electrophoretic forces 
within the subject material regions, regions of spacer fluids 
(••first spacer regions-) are placed on either side of a slug. 
These first spacer regions have a high ionic concentration to 
minimize the electric fields in these regions, as explained 
below, so that subject materials are essentially unaffected by 
the transport from one location to another location m a 
microfluidic system. The subject materials are transported 
through the representative channels no, 112, H4, lie of the 
system 100 in regions of certain ionic strengths, together 
with other regions of ionic strengths varying from those 
regions bearing the subject materials. 

A specific arrangement is illustrated in Figure 2A, 
which illustrates subject material regions 200 being 
transported from point A to point B along a channel of the 
microfluidic system 100. In either side of the sublet 
material regions 200 are first spacer regions 201 of high 
ionic strength fluid. Additionally, second spacer regions 202 
of low ionic concentration fluid periodically separate 
arrangements of subject material regions 200 and first spacer 
regions 201. Being of low ionic concentration, most of the 
voltage drop between points A and B occurs across these second 
spacer regions 202. The second or low concentration spacer 
regions 202 are interspersed between the arrangements of 
subject material region 200 and first spacer region 201 such 
that, as the subject material regions 200 and the first spacer 
regions 201 are electroosmotically pumped through the channel, 
there is always at least one second or low ionic concentration 
spacer region 202 between the points A and B. This ensures 
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that most of the voltage drop occurs in the second spacer 
region 202 , rather than across the subject material region 200 
and first spacer regions 201. stated differently, the 
electric field between points A and B is concentrated in the 
second spacer region 202 and the subject material regions 200 
and first spacer regions 201 experience low electric fields 
(and low electrophoretic forces) . Thus, depending upon the 
relative ionic concentrations in the subject material regions 

200, first spacer regions 201 and second or low ionic 
concentration spacer regions 202, other arrangements of these 
subject material regions 200, and first and second spacer 
regions 201 and 202 can be made. 

For example, Figure 2B illustrates an arrangement in 
which a second or low ionic concentration spacer region 202 is 
regularly spaced between each combination of first spacer 
region 201/subject material region 200/first spacer region 

201, Such an arrangement ensures that there is always at 
least one second or low concentration spacer region 202 
between points A and B. Furthermore, the drawings are drawn 
to scale to illustrate the relative lengths of a possible 
combination of subject material region 200, first or high 
concentration spacer region 201 and second or low 
concentration spacer region 202. In the example of Figure 2B, 
the subject material region 200 holds the subject material in 
a high ionic concentration of 150 mM of NaCl. The subject 
material region 200 is l mm long in the channel. The two 
first spacer regions 201 have ionic concentrations of 150 mM 
of NaCl. Each first spacer region 201 is 1 mm long. The 
second spacer region 202 is 2 mm and has an ionic 
concentration of 5 mM of borate buffer. This particular 
configuration is designed to maintain a rapidly 
electrophoresing compound in the subject material region 200 
and buffer regions 201 while the compound travels through the 
channels of the microfluidic system. For example, using these 
methods, a subject material region containing, e,g., benzoic 
acid, can be flowed through a microfluidic system for upwards 
of 72 seconds without suffering excessive electrophoretic 
bias. 
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Stated more generally, the velocity of fluid flow, 
Vccr , through the channels of the microfluidic system can be 
determined and, by measurement, it is possible to determine 
the total distance, 1 T , which a subject matter molecule is to 
travel through the channels. Thus the transit time, t Tr , for 
the subject matter molecule to travel the total distance is: 

To contain a subject matter molecule x within the first spacer 
region 201 next to the subject material region 200, the length 
of the first spacer region 201, 1„ should be greater than the 
electrophoretic velocity of the subject matter molecule x in 
the first spacer region 201, v qx , multiplied by the transit 
time: 

1„ > (v qx ) (t Tr ) 

Since the electrophoretic velocity is proportional to the 
electric field in the first spacer region 201, the present 
invention allows control over v q , so that the subject materials 
can be contained in transport through the microf luidic system 
channels . 

in the arrangements in Figures 2 A and 2B, the first 
or high ionic concentration spacer regions 201 help maintain 
the position of the subject materials in the vicinity of its 
subject material region 200. No matter what the polarity of 
the charges of the subject material, the first spacer regions 
201 on either side of the subject material region 200 ensures 
that any subject material leaving the subject material region 
200 is only subject to a low electric field due to the 
relative high ionic concentrations in the first spacer regions 
201. If the polarity of the subject material is known, then 
the direction of the electrophoretic force on the molecules of 
the subject material is also known. 

Figure 3A illustrates an example where charges of 
the subject material in all the subject material regions 200 
are such that the electrophoretic force on the subject 
material molecules are in the same direction as the direction 
of the electroosmotic flow. Hence the first spacer regions 
201 precede the subject material regions 200 in the direction 
of flow. There are no first spacer regions 201 following the 
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subject material regions 200 because the electrophoretic force 
keeps, the subject material from escaping the subject material 
region 200 in that direction. By eliminating one-half of the 
first spacer regions 201, more subject material regions 200 
with their subject material can be carried per channel length. 
This enhances the transportation efficiency of the 
microfluidic system. The second or low ionic concentration 
spacer regions 202 are arranged with respect to the subject 
material regions 200 and the first or high ionic concentration 
spacer regions 201 so that high electric fields fall in the 
second spacer regions 202 and the electric fields (and 
electrophoretic forces) in the subject material regions 200 
and first spacer regions 201 are kept low. 

In Figure 3B the first spacer regions 201 follow 
the subject material regions 200 in the direction of the 
electroosmotic flow, m this example, the charges of the 
subject material in all the subject material regions 200 are 
such that the electrophoretic force on the subject matter 
molecules are in the opposite direction as the direction of 
the electroosmotic flow. Hence the subject material may 
escape the confines of its subject material region, in effect, 
being left behind by its subject material region 200. The 
first spacer regions 201 following the subject material 
regions 200 keep the subject material from migrating too far 
from its subject material region 200. Likewise, the second or 
low ionic concentration spacer regions 202 are arranged with 
the subject material regions 200 and the first or high ionic 
concentration spacer regions 201 so that high electric fields 
fall in the second spacer regions 202 and the electric fields 
in the subject material regions 200 and first spacer regions 
201 are kept low. 

Various high and low ionic strength solutions are 
selected to produce a solution having a desired electrical 
conductivity for the first and second spacer regions 201 and 
202. The specific ions that impart electrical conductivity to 
the solution maybe derived from inorganic salts (such as NaCl, 
KI, Caci 2 , FeF 3 , (NH«) 2 S0 4 and so forth), organic salts (such as 
pyridinium benzoate, benzalkonium laurate) , or mixed 
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inorganic/organic salts (such as sodium benzoate, sodium 
deoxylsulf ate, benzylaminehydrochloride) . These ions are 
selected to be compatible with the chemical reactions, 
separations, etc. to be carried out in the microfluidic 
system. In addition to aqueous solvents, mixtures of 
aqueous/organic solvents, such as low concentrations of DMSO 
in water, may be used to assist in the solubilization of the 
subject matter molecules. Mixtures of organic solvents, such 
as CHCl 3 :MeOH, may be also used for the purpose of 
accelerating assays for phospholipase activity, for example. 

Generally, when aqueous solvents are used, solution 
conductivity is adjusted using inorganic ions. When less 
polar solvents are used, organic or mixed inorganic/ organic 
ions are typically used. In cases where two immiscible 
solvents may be simultaneously present (e.g., water and a 
hydrocarbon such as decane, such that electrical current must 
flow from one into the other, ionophores (e.g., valinomycm, 
nonactin, various crown ethers, etc.) and their appropriate 
ions may be used to conduct current through the non-polar 
solvent. 

B F; 1r r1 . r »vsnp1 - ir <*™+™\ TWffWXe ftn « w » Flow 

in the electrokinetic flow systems described herein, 
the presence of differentially mobile fluids (e.g., \ 
different electroxinetic mobility in the particular system) m 
a channel may result in multiple different pressures being 
present along the length of a channel in the system. For 
example, these electronic flow systems typica ly employ a 
series of regions of low and high ionic cone elation fluids 
(e.g., first and second spacer regions and subject material 
regions of subject material) in a given channel to effect 
electroosmotic flow, while at the same time, preventing 
effects of electrophoretic bias within a subject material 
containing subject material region. As the low ionic 
concentration regions within the channel tend to drop the most 
applied voltage across their length, they will tend to push 
the fluids through a channel. Conversely, high ionic 
concentration fluid regions within the channel provide 
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relatively little voltage drop across their lengths, and tend 
to slow down fluid flow due to viscous drag. 

As a result of these pushing and dragging effects, 
pressure variations can generally be produced along the length 
of a fluid filled channel. The highest pressure is typically 
found at the front or leading edge of the low ionic 
concentration regions (e.g., the second spacer regions), while 
the lowest pressure is typically found at the trailing or back 
edge of these low ionic strength fluid regions. 

While these pressure differentials are largely 
irrelevant in straight channel systems, their effects can 
result in reduced control over fluid direction and 
manipulation in microfluidic devices that employ intersecting 
channel arrangements, i.e., the systems described in U.S. 
Patent Application Serial No. 08/671,987, previously 
incorporated by reference. For example, where a second 
channel is configured to intersect a first channel which 
contains fluid regions of varying ionic strength, the pressure 
fluctuations described above can cause fluid to flow in and 
out of the intersecting second channel as these different 
fluid regions move past the intersection. This fluctuating 
flow could potentially, significantly disturb the quantitative 
electroosmotically driven flow of fluids from the second 
channel, and/or perturb the various fluid regions within the 
channel . 

By reducing the depth of the intersecting channel, 
e.g., the second channel, relative to the first or main 
channel, the fluctuations in fluid flow can be substantially 
eliminated, in particular, in electroosmotic fluid propulsion 
or direction, for a given voltage gradient, the rate of flow 
(volume/time) generally varies as the reciprocal of the depth 
of the channel for channels having an aspect ratio of >10 
(width:depth) . with some minor, inconsequential error for the 
calculation, this general ratio also holds true for lower 
aspect ratios, e.g., aspect ratios >5. Conversely, the 
pressure induced flow for the same channel will vary as the 
third power of the reciprocal of the channel depth. Thus, the 
pressure build-up in a channel due to the simultaneous 
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presence of fluid regions of differing ionic strength will 
vary as the square of the reciprocal of the channel depth. 

Accordingly, by decreasing the depth of the 
intersecting second channel relative to the depth of the fxrst 
or main channel by a factor of X, one can ^^^ ^ 
the pressure induced flow, e.g., by a factor of x\ whxle only 
slightly reducing the electroosmotically induced flow, e.g., 
by a factor of X. For example, where the second channel xs 
reduced in depth relative to the first channel by one order of 

i~A,,^t>* flow will be reduced 1000 
magnitude, the pressure xnduced flow win »e 

times while the electroosmotically induced flow wxll be 
reduced by only a factor of ten. Accordingly, in some 
aspects, the present invention provides microfluidxc devxces 
as generally described herein, e.g., having at least fxrst and 
second intersecting channels disposed therein, but where the 
first channel is deeper than the second channel. Generally, 
the depths of the channels may be varied to obtain "P^ 1 
fl ow conditions for a desired application. As such depending 
upon the application, the first channel may be greater than 
ahout two times as deep as the second channel, greater than 
ab out 5 times as deep as the second channel, and even greater 
than about ten times as deep as the second channel . 

in addition to their use in mitigating pressure 
effects, varied channel depths may also be used to 
differentially flow fluids within dif ferent channel 
same device, e.g., to mix different proportxons of fluxds 
different sources, and the like. 

111 * f 1 as described above, any subject material can be 
transported efficiently through the microfluidic system 100 xn 
or near the sublet material regions 200. With the first and 
second spacer regions 201 and 202, the subject 
localized as they travel through the channels of the system. 
For efficient introduction of subject matter xnto a 
microfluidic system, the present invention also provxdes an 
electropipettor which introduces subject material i»toa 
microfluidic system in the same serial stream of combxnatxons 
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of subject material region 200, first and second spacer 
regions 201 and 202. 

A - Structure and Qppr n tinn 

As illustrated in Figure 4A, an electropipettor 250 
is formed by a hollow capillary tube 251. The capillary tube 
251 has a channel 254 with the dimensions of the channels of 
the microfluidic system 100 to which the channel 254 is 
fluidly connected. As shown in Figure 4A, the channel 254 is 
a cylxnder having a cross-sectional diameter in the range of 
1-100 pa, with a diameter of approximately 30 /im being 
preferable. An electrode 252 runs down the outside wall of 
the capillary tube 251 and terminates in a ring electrode 253 
around the end of the tube 251. To draw the subject materials 
xn the subject material regions 200 with the buffer regions 
201 and 202 into the electropipettor channel 254, the 
electrode 252 is driven to a voltage with respect to the 
voltage of a target reservoir (not shown) which is fluidly 
connected to the channel 254. The target reservoir is in the 
microfluidic system 100 so that the subject material regions 
200 and the buffer regions 201 and 202 already in the channel 
254 are transported serially from the electropipettor into the 
system 100. 

Procedurally, the capillary channel end of the 
electropipettor 250 is placed into a source of subject 
material. A voltage is applied to the electrode 252 with 
respect to an electrode in the target reservoir. The ring 
electrode 253, being placed in contact with the subject 
material source, electrically biases the source to create a 
voltage drop between the subject material source and the 
target reservoir. In effect, the subject material source and 
the target reservoir become Point A and B in a microfluidic 
system, i.e., as shown in Figure 2A. The subject material is 
electrokinetically introduced into the capillary channel 254 
to create a subject material region 200. The voltage on the 
electrode 252 is then turned off and the capillary channel end 
is placed into a source of buffer material of high ionic 
concentration. A voltage is again applied to the electrode 
252 with respect to the target reservoir electrode such that 
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the first space, region 201 is "l-*™"^* 
into the capillary channel 254 next to tb. ~b •« material 
region 200. If . second or low ionic concentration spacer 
region 202 is then desirabie in the electropipettor channel 
IZ l>* end of the capillary channel 254 is inserted into a 
.ource of low ionic concentration buffer material and a 

, a t„ i-he electrode 252. The electropipettor 250 
voltage applied to the electron. * -„,... 

can then »v. to another source of subject « = rM " 

another subject material region 200 in the channel 254. 

By repeating the steps above, a plurality of subject 
materia, regions 200 with different subject -*»«»^^ 
are separated by first and second spacer regions 20! and 202. 
«. .lectroxinetically introduce, into the capillary channel 
254 and into the microfluidic system 100. 

sot. that if the sources of the subject material and 
the buffer materials (of low and high ionic 
have their own electrode, the electrode 252 is not required, 
voltages between the target reservoir and the source 
electrodes operate the electropipettor. Alternatively, the 

electrode 252 might be ^^T^^ end of 
separated from, the capillary tube 251 so * 
the tube 251 contacts a reservoir, the electrode 252 also 
contacts the reservoir, operation is the same as that 
described for the Fig. 4A electropipettor. 

Figure 4B illustrates a variation of the 
electropipettor 250 of Figure 4A. In this variation the 
electropipettor 270 is not reguired to travel ™ a 
subject material source and buffer material sources to create 
L first and second spacer regions 201 and 202 within the 

->7o has a body 271 with three 
pipettor. The electropipettor 270 has a booy 

capillary channels 274, 275 and 276. The mam channel 274 
operates identically to the channel 254 of the F™^* 
described electropipettor 250. However, the two auxiliary 
capillary channels 275 and 276 at one end are fluidly 
connected to buffer source reservoirs (not shown) and the 
conn . __ K o 76 i s fluidly connected to 

other end of the channels 275 and 276 is nui * 

the main channel 274. One reservoir (i.e., connected to 
auxiliary channel 275) holds buffer material of high ionic 
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concentration, and the other reservoir (i.e., connected to the 
channel 276) holds buffer material of low ionic concentration. 

All of the reservoirs are connected to electrodes 
for electrically biasing these reservoirs for operation of the 
electropipettor 270. The electropipettor 270 may also have an 
electrode 272 along the walls of its body 271 which terminates 
in a ring electrode 273 at the end of the main channel 274. 
By applying voltages on the electrode 272 (and ring electrode 
273) to create voltage drops along the channels 274, 275, 276, 
not only can subject material be drawn into the main channel ' 
274 from subject material sources, but buffer material of high 
and low ionic concentrations can also be drawn from the 
auxiliary channels 275 and 276 into the main channel 274. 

To operate the electropipettor 270 with the 
electrode 272, the end of the main capillary channel 274 is 
placed into a source 280 of subject material. A voltage is 
applied to the electrode 272 with respect to an electrode in 
the target reservoir to create a voltage drop between the 
subject material source 280 and the target reservoir. The 
subject material is electrokinetically drawn into the 
capillary channel 274. The capillary channel end is then 
removed from the subject material source 280 and a voltage 
drop is created between the target reservoir connected to the 
channel 274 and the reservoir connected to the channel 275. A 
first or high ionic strength spacer region 201 is formed in 
the channel 274. Capillary action inhibits the introduction 
of air into the channel 274 as the buffer material is drawn 
from the auxiliary channel 275. if a second or low ionic 
concentration spacer region 202 is then desired in the main 
channel 274, a voltage is applied to the electrodes in the 
target reservoir and in the reservoir of low ionic 
concentration buffer material. A second spacer region 202 is 
electrokinetically introduced into the capillary channel 274 
from the second auxiliary channel 276. The electropipettor 
270 can then move to another source of subject material to 
create another subject material region 200 in the channel 274. 

By repeating the steps above, a plurality of subject 
material regions 200 with different subject materials, which 




WO 98/00705 



PCTYUS97/10963 



23 



enarer reaions 201 and 202, 
are separated by first and second ^ ^ chmml 
are electrokinetically Introduced into the capillary 
274 and into the microf luidic system 100. 

!f it is undesirable to expo., the subject material 
BOU rc. to oxidation/reduction reactions from the 
electrode 273, the .lectropipettor »y be operated with 
electrode 272. Because electroosmotic flow is slower m 
solutions of higher ionic strength, the application of a 
potential (- to ♦) from the reservoir connecting the channel^ 
2,4 to th. reservoir connecting the channel 2,5 
formation of a vacuum at th. point where the channe s 4 and 
27* intersect. This vacuum draws samples from the 
material source into the channel 274. when 
mode the subject material is somewhat diluted with the 
scions in th. chann.1. 2,5 and 2,6. This dilution can be 
mitigated by reducing th. relative dimensions of the channel. 
2,6 and 275 with r.spect to the channel 274. 

To introduce first and second spacer regions 201 and 
202 into the capillary channel 274, the el.ctropip.ttor 270 
op«ated as described above. The capillary channel end is 
reived from the subject material source 280 and ^ voltage 
drop is created b.twe.n th. target reservoir for the channel 
and th. reservoir connect- to th. selected channels 2,5 

M " 6 ' Although generally describe, in terms of having two 
auxiliary channels and a main channel, it will be 
tnat additional auxiliary channels may also be provide to 
introduce additional fluids, buffers, diluents, reagents and 

fho like into the main channel. 

A. described above for intersecting channels within 

a microf luidic device, e.g. , chip. *«— «• "'"'""I;" 1 ' 
resulting fro. differentially mobile fluids within the 
different pipettor channels also can affect th. . control of 
fluid flow within the pipettor channel . Accordingly, a. 
described above, th. various pipettor channels may also be 

provided having v»ri.d ch.nn.1 d.pth. relative to each other, 

in order to optimize fluid control. 

B . Hfil- h f C r.t Fi. rTr-r'i"'"-"- Manufacture 
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The electropipettor night be created from a hollow 
capillary tube, such as described with respect to Fig 4A 
For .ore complex structures, however, the electropipettor ' is 
orally formed from the same substrate material as that of 

ch! n rrT annel SySte,n discussed The electropipettor 

channels (and reservoirs) are formed i„ the substrate in the 
same manner as the raicrochannels fQr a microf luidic ^ 

the channeled substrate is covered by a planar cover element, 
also described above. The edges of the substrate and cover 
element may then be shaped to the proper horizontal dimensions 

slT !\ tt0r ' 6SPeCially itS - "quired. Techniques, 

such as etching, air abrasion (blasting a surface with 
particles and forced air) , grinding and cutting, may be used. 
Electrodes are then created on the surface of the substrate 
and possibly cover, as required. Alternatively, the edges of 
the substrate and the cover element may be shaped prior to 
being attached together. This method of manufacture is 
particularly suited for multichannel electropipettors , such as 
described immediately above with respect to Fig. 4B and 
described below with respect to Fig. 8. 

Iv - Sampling svst-pm 

As described above, the methods, systems and 
apparatuses described above will generally find widespread 
applicability in a variety of disciplines. For example, as 
noted previously, these methods and systems may be 
particularly well suited to the task of high throughput 
chemical screening in, e.g., drug discovery applications, such 
as is described in copending U.S. Patent Application Serial 

NO. 08/671,987, filed June 28 , 1996> an<J previously 

incorporated by reference. 



A. 



The pipetting and fluid transport systems of the 
invention are generally described in terms of sampling numbers 
of liquid samples, i.e., fron nu iti-„ ell plates . In many 
instances, however, the number or nature of the liquid based 
samples to be sampled may generate sample handling problems. 
For example, in chemical screening or drug discovery 
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eppiications. libraries of compounds for screening may number 
in the thousands or ev.n the hundreds of thousands. A^a 
iL.lt such Ubraries would require extremely large numbers 

— *- aid ° £ r ° botic SYStM8 ' 

would create myriad difficulties in sample 

.angulation and identification. Further, in f"^ 

specific sample compounds may degrade, complex or otherwise 

pLess relatively short active half-lives when stored rn 

Uouid for.. This can potentially result in suspec ; 

.here samples are stored in liquid form for Ion, periods pnor 

to the preMnt inventio „ provides sampling 

system, which address the., further problem., by providing the 

expounds to be sampled in an ^^J^J^ is 

-immobilized format" is meant that the sample m 

provide in a fixed position, either by ^^'"""^ 

f xed matrix, i.e.. porous matrix, charged matrix. 

or hydrophilic matrix, which maintains tl,e samp e in . given 

lw Jion. aitematively. such immobilized sample, inciud. 

samples spotted and dried upon a given sample matrix. 

In preferred aspects, the compound, to be 

provide on a ...pie matrix in dried form^ 

sample matrices will include any of a number « 

can be used in the spotting or immobilized of »*""^; 

. <^w*h cellulose, nitrocellulose, 

including, e.g., Cranes such as c ^ ^ ^ 

PVDF, nylon P"-*^^^ 1 ^*^^ rol Ung of 
sample matrices are preferred ^ 

the sample matrices which have larg 

sample compounds immobilized thereon, for easy stor 

handlin9 ' cenerally, samples may he applied to the sample 
matrix by any of a number of well Xnown methods. For example, 
matrix by any oi> shce ts of a sample matrix 

sample libraries may be spotted on sheets ^ 
using robotic pipetting systems which allow for p * 
usi»y a. »-i*.-»r.riativelv. the sample matrix 

iarge numbers of compounds. Alternatively, f 

L be treated to provide predefined areas for sample 
TcaUzation, e.g., indented wells, or hydrophilic region 
surrounded by hydrophobic barriers, or hydrophobic regions 
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surrounded by hydrophilic barriers (e.g., where samples are 
originally in a hydrophobic solution) , where spotted materials 
will be retained during the drying process. Such treatments 
then allow the use of more advanced sample application 
methods, such as those described in U.S. Patent No. 5,474 796 
wherein a piezoelectric pump and nozzle system is used to 
direct liquid samples to a surface. Generally, however, the 
methods described in the '796 patent are concerned with the 
application of liquid samples on a surface for subsequent 
reaction with additional liquid samples. However, these 
methods could be readily modified to provide dry spotted 
samples on a substrate. 

Other immobilization or spotting methods may be 
similarly employed. For example, where samples are stable in 
liquid form, sample matrices may include a porous layer, gel 
or other polymer material which retain a liquid sample without 
allowing excess diffusion, evaporation or the like, but permit 
withdrawal of at least a portion of the sample material, as 
desired, in order to draw a sample into the pipettor, the 
pipettor will free a portion of the sample from the matrix, 
e.g., by dissolving the matrix, ion exchange, dilution of the 
sample, and the like. 

B - Resoluhnizinn P4 pf , nnr 

As noted, the sampling and fluid transport methods 
and systems of the present invention are readily applicable to 
screening, assaying or otherwise processing samples 
immobilized in these sample formats. For example, where 
sample materials are provided in a dried form on a sample 
matrix, the electropipetting system may be applied to the 
surface of the matrix. The electropipettor is then operated 
to expel a small volume of liquid which solubilizes the 
previously dried sample on the matrix surface (dissolves a 
retaining matrix, or elutes a sample from an immobilizing 
support), e.g., by reversing the polarity of the field applied 
to the pipettor, or by applying a potential from the low ionic 
concentration buffer reservoir to the high ionic concentration 
buffer reservoir, as described above. Once the sample is 
resolubilized, the pipettor is then operated in its typical 
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forward format to draw the solubilized sample into the 
pipettor channel as previously described. 

A schematic illustration of one embodiment of an 
electropipettor useful in performing this function, and its 
operation, is shown in Figure 8. Briefly, the top end 802 
the pipettor (as shown) 800 is generally connected to the 
assay system, e.g., a microfluidic chip, such that voltages 
can be supplied independently to the three channels of the 
pipettor 80, , 806 and 808. Channels 804 and 808 are typically 
fluidly connected to buffer reservoirs containing low and high 
ionic concentration fluids, respectively. In operation, the 
tip of the pipettor 810 is contacted to the surface of a 
sample matrix 812 where an immobilized (e. g. , dried) sample 
is located. A voltage is applied from the low ionic 
concentration buffer channel 804 to the high ionic 
concentration buffer channel 808, such that 
out of the end of the pipettor tip to contact 
sample. As shown, the pipettor tip .16 »ay include a recesse 
region or "sample cup" 818 in order to maintain the ^ lle ^ 
olution between the pipettor tip and the matrix surface In 

some c where organic samples are being screened, in 

ord er to ensure dissolution of the sample, an 
concentration of an acceptable solvent, e.g. DMSO, may be 
included with the low ionic concentration buffer - ™^ 
then applied from the high ionic concentration buffer channel 
to the sample channel 806 to draw the sample into the pipettor 
in the form of a sample plug 820. Once the sample is 
completely withdrawn from the sample cup into the pipettor, 
the high surface tension resulting from air entering the 
Ipl/channel will terminate aspiration of 
high ionic concentration buffer solution will begin flowing 
into the sample channel to form a ««* ~ 
following the sample. Low ionic concentration buffer 
»ay then be injected into the sample channel, i.e., as 

•„„ »a hv aoDlving the voltage from the low 
second spacer region 824, by applying , 

ionic concentration buffer channel 804 to the sample channel 
806. Prior to or during presentation of the next sample 
position on the matrix, a first or high ionic concentration 
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spacer region 822 nay be introduced into the sample channel b 
applying the voltage between the high ionic concentration 
buffer channel and the sample channel. As noted previously, , 
roll, sheet, plate, or numerous rolls, sheets or plates, of 
sample matrix having thousands or hundreds of thousands of 
different compounds to be screened, may be presented in this 
manner, allowing their serial screening in an appropriate 
apparatus or system. 

As explained above, electrokinetic forces are used 
to transport the subject material through the channels of the 
microf luidic system loo „ UJ . 

<„ , sysceffl 100 • " the subject material is charged 

m solution, then it is subject to not only electroosmotic 
forces but also to electrophoretic- forces. Thus the subject 
material ls likely to have undergone electrophoresis in 
traveling from one point to another point along a channel of 
the microfluidic system. Hence the mixture of the subject 
»aterxal or the localization of differently charged species in 

L TT. Material re9ion 200 at the startin * point is i*-iy 

to be different than the mixture or localization at the 
•rriv.1 point. Furthermore, there is the possibility that the 
subject material might not even be in the subject material 
region 200 at the arrival point, despite the first spacer 
regions 201. 

Therefore, another aspect of the present invention 
compensates for electrophoretic bias as the subject materials 
are transported through the microf luidic system 100. one way 
to compensate for electrophoretic bias is illustrated in 
Figure 5. i„ the microf luidic system 100 described above 
each of the channels no, i 12 , 114 and 116 was considered'as a 
unitary structure along its i ength . In Figure an exem 
channel 140 is divided into two portions 142 and 144. The 
sidewalls of each channel portion 142 and 144 have surface 
charges which are of opposite polarity. The two channel 
portions 142 and 144 are physically connected together by a 
salt bridge 133. such as a glass frit or gel layer. While the 
salt bridge 133 separates the fluids in the channel 140 from 
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an ionic fluid in a reservoir 135 which is P^*"* 
by the salt bridge 133, the salt bridge 133 pewits ions to 
pass through. Hence the reservoir 135 is in electrical, but 
not fluid, communication with the channel 140. 

To impart electroosmotic and electrophoretic forces 
along the channel 140 between points A and B, electrodes 132 
and 134 are arranged at points A and B respectively. 
Additionally, a third electrode 137 is placed in the reservoir 
135 at the junction of the two portions 142 and 144. The 
electrodes 132 and 134 are maintained at the same voltage and 
the electrode 137 at another voltage. In the example 
illustrated in Figure 5, the two electrodes 132 and 134 are at 
a negative voltage, while the electrode 137 and hence the 
junction of the two portions 142 and 144 are at zero voltage 
i e ground. Thus the voltage drops, and hence the electee 
fields, in the portions 142 and 144 are directed in °PP°"** 
directions. Specifically, the electric fields point away from 
each other. Thus the electrophoretic force on a particularly 
charged molecule is in one direction in the ^annel portion 
142 and in the opposite direction in the channel portion 144^ 
Any electrophoretic bias on a subject material is compensated 
for after traveling through the two portions 142 and 144. 

The electroosmotic force in both portions 142 and 
14 4 are still in the same direction, however. For example, 
assuming that the sidewalls of the channel portion 142 have 
positive surface charges, which attract negative ions in 
solution, and the sidewalls of the channel portion 144 have 
negative surface charges, which attract positive ions in 
solution, as shown in Figure 5, the electroosmotic force in 
both portions 142 and 144 is to the right of * 
Thus the subject material is transported from point A to point 
B under electroosmotic force, while the electrophoretic force 
is in one direction in one portion 142 and in the opposite 
direction in the other portion 144. 

To create a channel with sidewalls having positive 
or negative surface charges, one or both portions of the 
channel is coated with insulating film materials with surface 
charges, such as a polymer. For example, in the microfluidic 
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system 100 the substrate 102 and the channels may be formed of 
glass. A portion of each channel is coated with a polymer of 
opposite surface charge, such as poly lysine, for example, or 
is chemically modified with a silanizing agent containing an 
amino function, such as aminopropyltrichlorosilane, for 
example. Furthermore, the surface charge densities and 
volumes of both channel portions should be approximately the 
same to compensate for electrophoretic bias. 

Rather than being formed in a solid planar 
substrate, the channel can also be formed by two capillary 
tubes which are butted together with a salt bridge which 
separates an ionic fluid reservoir from fluids in the 
capillary tubes. An electrode is also placed in the ionic 
fluid reservoir. One capillary tube has a negative surface 
charge and the other capillary tube a positive surface charge 
The resulting capillary channel operates as described above. 

Figures 6A-6D illustrates another embodiment of the 
present invention for which the effects of electrophoretic 
bias induced upon the subject material is moving from point A 
to point B are compensated, in this embodiment the subject 
material is mixed at point B, an intersection between two 
channels, such as illustrated in Figure l. 

Figures 6A-6D show a chamber 160 is formed at the 
intersection of the channels 150, 152, 154 and 156. The 
chamber 160 has four sidewalls 162, 164, 166 and 168. The 
sidewall 162 connects a sidewall of the channel 152 to a 
sidewall of the channel 150; the sidewall 164 connects a 
sidewall of the channel 154 to the other sidewall of the 
channel 152; the sidewall 166 connects a sidewall of the 
channel 156 to the other sidewall of the channel 154; and the 
sidewall 168 connects the opposite sidewall of the channel 156 
to the opposite sidewall of the channel 150. Assuming a flow 
of materials through the channel 152 toward the channel 156, 
the sidewalls 162 and 168 form as a funnel if the materials 
are diverted into the channel 150. 

The dimensions of the sidewalls 162 and 168 
accommodate the length of a subject material plug 200 
traveling along the channel 152. The sidewalls 162 and 168 
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funnel down th. plug 200 into the width of the channel 150. 
The width of th. channel 150 i. such th.t diffusion of the 
Object material occur, .cross the width of the channel 150. 
i.e.. mixing occurs and any electrophoretic bias of the 
subject material created in the subject material region 200 
traveling along the channel 1.2 is eliminated. For 
if the channel 150 is 50 m "Me, diffusion across the channel 
occurs in approximately one second for .a .olecule havm, a 
diffusion constant of 1 X 10 5 cm'/sec. u , 

in Figure 6ft a plug 200 of cationic subject material 
is .oving along the channel 152 towards the channel IB£ By 
th. time the plu, 200 reaches the chamber 160, the subject 
material has undergone electrophoresis so that » 
more concentrated at the forward end of the subject material 
region 200. This is illustrated by Figure 6B. Then the 
voltage drop impressed along the channels 152 and 156 is 
terminated and a voltage drop is created along 
15 4 and 150 to draw the subject material region 200 into the 
Channel 150. The sidewalls 162 and 168 of the chamber 160 
funnel the subject material region 200 with its 
.Lctrophoretically biased subject material. This » 
illustrated by Figure 6C. By diffusion the subject material 
is spread across the width of the channel 150 before the 
subject material travels any significant distance along the 
channel 150; the subject material in the subject 
region 200 is mixed and ready for the next st.p of operation 

in the miorofluidic system 100. ,„», m horetic 

in addition to its use in correcting electrophoretic 
bias within a single sample, it will be appreciated that th. 
structure shown in Fig. 6 will be useful in ' 
elements within these miorofluidic devices, e.g.. two distmct 
subject materials, buffers, reagents, etc. 



EXAMPLES 

j n n r r nl ff-'->"*i»llv Chaj 



in ord.r to demonstrate the efficacy of methods used 
to eliminate or reduce electrophoretic bias, two oppositely 
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charged species were electrokinetically pumped in a capillary 
channel, and comigrated in a single sample plug. A Beckman 
Capillary Electrophoresis system was used to model the 
electrophoretic forces in a capillary channel. 

In brief, a sample containing benzylamine and 
benzoic acid in either low ionic concentration (or "low salt") 
(5 m borate), or high ionic concentration ("high salt") (500 
mM borate) buffer, P H 8.6, was used in this experiment. The 
benzoic acid was present at approximately 2X the concentration 
of the benzylamine. All injections were timed for 0.17 
minutes. Injection plug length was determined by the 
injection voltage, 8 or 30 kV. The low salt and high salt 
buffers were as described above. 

In a first experiment, three successive injections 
of sample in low salt buffer were introduced into a capillary 
filled with low salt buffer. Injections were performed at 8 
kV and they were spaced by low salt injections at 30 kV. Data 
from these injections is shown in Figure 7A. These data show 
that benzylamine (identifiable as short peaks, resulting from 
xts lesser concentration) from the first and second injections 
precede the benzoic acid peak (tall peak) from the first 
injection. Further, the benzylamine peak from the third 
injection is nearly coincident with the first benzoic acid 
peak. Thus, this experiment illustrates the effects of 
electrophoretic bias, wherein sample peaks may not exit a 
capillary channel in the same order they entered the channel. 
As can be clearly seen, such separations can substantially 
interfere with characterization of a single sample, or worse, 
compromise previously or subsequently introduced samples. 

In a second experiment, the capillary was filled 
with low salt buffer. Samples were injected by first 
introducing/ injecting high salt buffer into the capillary at 8 
kV (first spacer region 1) . This was followed by injection of 
the sample in high salt buffer at 8 kV, which was followed by 
a second injection of high salt buffer at 8 kV (first spacer 
region 2). Three samples were injected in this manner, and 
spaced apart by injecting a low salt buffer at 30 kV. As can 
be seen in Figure 7B, both compounds contained in the sample 
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were forced to cerate through - capillary c-nel ^he 
same sample plug, and are represented by a single p 
each inaction. This demonstrates sample registration, 
irresoective of electrophoretic mobility. 

irrespective , of tne low salt spacer plug 

By reducing the size « 

n « relative to the size of the samples, 
rri ; f^etmponents of each sample inaction 

Tan e aclplished. This »ay - useful where some separation 

of a sample is desired during ^^^Z^ 
without compromising subsequently or previously n.ected 

sables This was carried out by injecting the low-salt 
samples, inis wa this 

spacer plug at 8 kV rather than 30 kV. 
example is shown in Figure 7C. 



rttnr mr,o mrrni ■ . t resu its 

Figs. 9A-9C illustrate the experimental test re 
of the introduction of a subject material, i.e., a sample, 
into a microfluidic system substrate through an ^ 
electropipettor as described above The sampl is r ^ 



eie " * . hllffered saline solution, P H 7.4. A hign i« 
in a phosphate buffered saime 

concentration ("high salt') buffer was also \ 
phosphate buffered saline solution, p 7^ A low 
concentration ('low salt") buffer was formed from 
borate, P H 8.6, solution. s cont aining the 

f Xuorescent rhoda»ine B ^ is joined to a 

capillary channe of an electr P ^ ^ ^ buf£ers 

mi crofluidic system substrate. Hig regi ons, as 

were also injected between the ^ «^ * ^ 
described previously. Fig. 9A is a plot 

tensity of the rhodamine » «^ ^/j^^ th e 
capillary channel near ^unctxon w 

substrate versus time. (In axis Qf the Figs . 

tha t the numbers on ^^J^ZZ^ reference, 
9A - 9 C and 10 plots are or P-P°~ S ° n ^ time waS 7 

rather than absolute values.) The in 3 y 
seconds and the electric field to move the subject ma 
regions through the electropipettor was 1000 volts/cm. The 




WO 98/00705 

PCTYUS97/10963 

34 

integration time for the photodiode monitoring light from the 
capillary channel was set at 10 msec. From the pi 9A 
it should be readily evident that light intensity spikes 
appear at 7 second intervals, matching the injection cycle 
time of the fluorescent rhodamine B. 

■ . . In another experiment, the same buffers were used 

with the rhodamine B samDles Tho 

° fca »P-i««. The monitoring point was in the 

ttT . f th. substrate connect.* to tn. .x.ctropipettor. 

Tfte in3ection cycle time was m+ i* 1 

J e was set at 13 -1 seconds and the 

B 0 ^d ag d TT ^ SOUrCe reSerV ° ir ~»**«** the rhodamine 
B and destination reservoir in the substrate set at -3000 

volts. The monitoring photodiode integration time was 400 
»sec As shown in Fig. 9B , the fluorescent intensity spikes 
closely match the rhodamine B injection cycle time. 

The results of a third experimental test are 
illustrated in Fig. 9 C. m this experiment the 
electropipettor was formed from a substrate and shaped by air 
abrasion. The monitoring point is along the capillary channel 
formed m the substrate (and a planar cover) . Here the sample 

material is 100 (M of rhodamine B in a buffer of PBS f p H 7 4 
The h igh salt buffer aolut . on Qf pBSf pH ? ^ a 

buffer solution of 5 mM Na borate, pH 8.6, are also used. 
Again periodic spikes of fluorescent intensity match the 
cyclical injection of rhodamine B into the electropipettor. 

Fig. 10 illustrates the results of the cyclical 
miction of another subject material into an electropipettor 
according to the present invention, in this experiment the ' 
sample was a small molecule compound of loo m with 1% DMSO in 
a phosphate buffered saline solution, pH 7.4. A high salt 
buffer of the same phosphate buffered saline solution, pH 7 4 
and a low salt buffer of 5 mM Na borate, p H 8.6, was also ' 
used. The applied voltage to move the subject material 
regions through the electropipettor was -4000 volts, and the 
integration time for the photodiode monitoring light from the 
capillary channel was set at 400 msec. The samples were 
periodically injected into the electropipettor as described 
previously. As in the previous results, the Fig. in plot 
illustrates that for small molecule compounds, the 
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.Uctropipettor »ov.s the sa-ples at eveniy spaced ti.e (and 

SPM,> ^..oina invention „as been desc^ in 

_ d.t.U f« ptoses c £ ciarity and -^^^ 

one skilled in the art from a reaaing 
be clear to one skill u be made 

disclosure that various changes in 10 

wi"out departing fro, the true scope of the xnventu*. For 
example all the techniques described above may be used » 
example, all « public ations and patent documents 

vari ous ^^J^ ^ incorpo rated by reference in 
cited xn this -W 11 "^*^ to the sane extent as if each 
their entirety for all purposes to indiv idually 
individual publication or patent document were 
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1. A microfluidic system with compensation for 
electrophoretic bias, comprising 

h / C3Pillary Channel havin * sides, a first end and a 
second end, said capillary channel further divided into first 
and second portions, said sides of said first and second 
portions having surface charges of opposite polarities; and 

a first electrode at said first end; 

Mrf , ! S6COnd electr °<*e between said first and second 

portions of said capillary channel; and 

a third electrode at said second end, said first 
second and third eiectrodes set at voltages such that a f^id 
is electroosmotically pumped through said first and second 
portions from said first end to said second end, and 
electrophoretic movement in said second portion is opposite to 
electrophoretic movement i„ said first portion> 

ti~+ * 2 ' ^ micr ° fluidic s ^tem of claim 1 wherein said 
fxrst and second portions of said capillary channel each have 
surface charge densities, said surface charge densities 
approximately equal, 

3. The microfluidic system of claim 2 wherein said 
fxrst and second portions of said capillary channel each have 
volumes, said volumes approximately equal. 

4. The microfluidic system of claim l wherein said 

sides of at least one of said portions of said capillary 

channel are defined by a film f<1 „ , . 

«y a mm, said film having said surface 

charge of said one portion. 

5. A microfluidic system with compensation for 
electrophoretic bias, comprising 

a first capillary channel; 

a second capillary channel intersecting said first 
capillary channel; and 
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. chamber at said -"^l^iontntaU 
,.co„d -pill-V channe Is shaped su ^ „ 

«subnect material moving from saxa "" *• 
suD^eci. ma . d to compensate for 

said second capillary channel is mixed to a 
electrophoretic bias in povinc, along saxd fxrst capillary 

channel. 

6 - The microfluidic system of claim 5 whe f ein paid 

^ref caoillarv channel 
o BM b.r i. defined by side, alon, a flr«* «plll ry 
Unath funnelino into said second capillary channel. 

7. The micrcfluidic system of claim 6 -herein said 
chamber sides are straight. 

6. The micrcfluidic system of claim 6 wherein said 

, ie aooroximately equal to a 

second capillary channel width is approxi 

length of said subject material region. 

9 T he micrcfluidic syste* of " eUi^ f wh^inffW 

4.«nf and said second 

sublet material * • ^F^^La — *± 

| .> U" f ^ i r- 1 *" " ^htnt^tdth before bein, 
diffuses across said second channel -id 

diverted from said second channel. 

10 ." The micrcfluidic system of claim 9 wherein said 
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„ w ^^rr-ri-tt-r for ii^oduexno -WW 

lnto a microbe ^tem.'said -^^^Lor 
connected to said micrcfluidic system. sa!d electrop 

4 c^rUi* Mpiusry m havlng an ena f or acting at 

one — - "^ i ;;;; y r 9 a volt.,. b.tw id 

1 VOl T Iteri is and a econd electrode in said 
on. source of said '^^*\^^ mA .„d contacts 
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said one source of said materials such that material from said 
one source is electrokinetically introduced into said 
electropipettor toward said microf luidic system. 



12. The electropipettor of claim 11 wherein said 
capillary channel has a cross-sectional area of approximately 
3 10-100 (Mm) 2 . 



13. The electropipettor of claim 11 wherein said 
voltage source applies a negative voltage to said first 
electrode with respect to said second electrode. 

14. The electropipettor of claim 11 wherein said 
capillary channel is defined in a substrate and by a cover 



3 element over said substrate. 



15. An electropipettor for introducing subject 
materials into a microfluidic system, said electropipettor 
fluidly connected to said microfluidic system, said 

4 electropipettor comprising 

5 a first capillary channel having a first end for 
contacting at least one source of said subject materials and a 
second end terminating in said microfluidic system; 

a second capillary channel having a first end 
terminating near said first end of said first capillary 
channel and a second end terminating in a source of first 

11 spacer material; 

12 a volta 9* source for applying voltages between said 
at least one subject material source and said microfluidic 
system, and between said first spacer material source and said 
microfluidic system such that subject material from said one 
subject material source and spacer material from said first 
spacer material source are electrokinetically introduced into 
said electropipettor toward said microfluidic system. 
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16. The electropipettor of claim 15 further 

comprising . 

a third capillary channel having a first end 

terminating near said first end of said first ~P illar * 
channel and a second end terminating in a source of second 

spacer material; and wherein 

said voltage source applies voltages to said second 
spacer material source and said microfluidic system such that 
subject material from said second spacer material source is 
elcctroKinetically introduced into said electropipettor toward 
said microfluidic system. 

17 The electropipettor of claim 16 wherein said 
first spacer material source holds spacer material of ionic 
concentration orders of magnitude greater than that of said 
second spacer material source. 

18. The electropipettor of claim 15 further 
comprising an electrode disposed along said first capillary 
channel such that said electrode contacts said 
ffl aterial source when said first capillary channel end is 
placed into at least one source of said sublet — 
said voltage source is connected to said electrode to apply 
said voiwg subject material source and 

voltages between said at least one s»u«j 

said microfluidic system. 

19 The electropipettor of claim 15 wherein said 
first and second capillary channels are defined in a substrate 
and by a cover element over said substrate. 

20 A method of introducing materials from a 
plurality of sources into a microfluidic system, said 
licrofluLic system having a capillary channel having an end, 
a voltage source for applying a voltage potential to 
electrode in said microfluidic system, said method comprs ng 

contacting said capillary channel end to a sub 3 ect 

material source; 
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applying a voltage to said subject material source 
with respect to said electrode such that subject material from 
said source is electrokinetically introduced into said 
capillary channel toward said microfluidic system; 

selecting a source of spacer material, said spacer 
material having a predetermined ionic concentration; 

contacting said capillary channel end into said 
15 source of spacer material; 

" applying a voltage to said spacer material source 

with respect to said electrode such that said spacer material 
is electrokinetically introduced into said capillary channel 
next to said subject material; and 

repeating the steps above with different material 
sources so that a plurality of different materials separated 
by spacer material is electrokinetically introduced into said 
capillary channel and transported toward said microfluidic 
system without intermixing said different materials. 



21. The method of claim 20 wherein said spacer 
material comprises a solution of high ionic strength. 

22. The method of claim 20 wherein said spacer 
material comprises a substantially immiscible fluid. 



1 23. The method of claim 20 wherein said spacer 

2 material comprises an ionophore. 



24. The method of claim 20 wherein said capillary 
channel has a cross-sectional area of approximately 10-1000 
3 (Mm) 2 . 



25. The method of claim 20 wherein said steps of 
contacting said capillary channel end to a source of spacer 
material and applying a voltage to said spacer material source 
with respect to said first electrode to electrokinetically 
introduce said spacer material into said capillary channel, 



6 further comprise: 
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^miliary channel end into a source of 
placing said capillary c«a, 

a first spacer material; ^ material 

applying a voltage to said nrs ^ 

\ * electrode such that said first 

source with respect to introdU ced into said 

spacer material is electrokmetically mtroa 

CaPillaIV — — 1 ^ lnt ° ° SOUrCe 0£ 

ea ^ electrode such that saxu s»= 
source with respect to said «*l* ctr Hntro duced into said 
spacer material is electrokinetically introduced 

capillary channel; and ^ ^ said 

repeating said first two P ted by 

plurality ox different su^ect »a* r s ~ 
regions of said first, second and first sp 

26 The method of claim 25 wherein said ** st 
* • i Lorises a solution of high ionic strength, 
spacer material comprises a a so i u tion of low 

and said second spacer material comprises 

ionic strength. 

„. ^ method of claim » ^J^l to 

di .posing . — --«-• ^ ^ Z n electrode 
said capiilary Chan-! - » .1 ^ 

contact, a source when said "P*"^ said voltage 
.aid material or spacer source di£ference 
applying steps comprise gating a seoond cle ctrode. 

said microf luidic system electrode and sal 

28 The method of claim 20 wherein said voltage 

applying Uprise applying • ^ 

• ■* „ enacer sources witn re&*w- 
subject material or spacer 

microfluidic system electrode. 

„. x microfluidic system for moving a plurality -of 
.uflect material. from a first location to a second ocation 
tlong a Oannei, «« microfluidic system comprising. 
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a source for creating a voltage difference across 
said first location and said second location; 

a plurality of subject material regions in said 
channel, said subject material regions separated by first 

ZZl r 9i ° nS ° £ hi9h i0niC Stren9th; and at laast on. second 
spacer region of low ionic concentration. 

30. a microfluidic system for transporting a 

secIL material re9i ° nS f ™» * Point to a 

second point on a channel, said microfluidic system 
comprising: 

k- \ Pa±r ° f SpaC6r re9ions on either "<*e of 

each sub 3 ect material region, said first spacer regions having 
high ionic concentrations; 

at least one second spacer region, said second 
spacer region having a low ionic concentration. 

I 1 ' ^ nicrofluidic ^tem of claim 30, wherein 
said second spacer region has an ionic concentration at least 
two orders of magnitude less than that said first spacer 
region. K 



32. The microfluidic system of claim 31 wherein 
said second spacer region has an ionic concentration in the 
range of 1 to 10 „m, and said first spacer regions have ionic 
concentrations in the range of loo to 1000 mM. 

33. a microfluidic system, comprising: 

a substrate having at least a first channel and at 
least a second channel disposed in said substrate, said at 
least second channel intersecting said first channel, wherein 
said first channel is deeper than said second channel; and 

an electroosmotic fluid direction system. 

34. The microfluidic system of claim 33, wherein 
said at least first channel is at least twice as deep as said 
second channel. 
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35 The microfluidic system of claim 33, 

. ! i, »t least five tiroes deeper than 
said at least first channel is at least 

said second channel. 

36. The microfluidic system of claim 33, 

least about ten times deeper 
said at least first channel is at least ano 

than said second channel. 

„. in an electro.**.^ fluid direction 

» ,1-blv delivering a fl»i* •*»•» * lon9 * fir * 
„ethod of controllably delivering „ t . r „ ct: ,,d by at least 

channel, -herein said Uprises at 

. second channel, and ^ stren ^ hs . the 

depth than said second channel. 

38 A method of transporting fluid samples within a 

— — • "^TeastTfTt 'ZrLTX'^ 

introducing at least a first *.« v 

said channel; material plug 

introducing at least a second fluid mater 

a a first ionic strength into said channel; 

having said first ionic * material plug 

introducing at least a third rxuiu ■ 
intr * . A S e CO nd ionic strength 

having a second ionic strength, said second i 

, han said first ionic strength; and 
being lower than saia . MO , 

applying a voltage across said channel. 

, * in wherein said steps of 

39. The method of claim 38, wnerein 

i* .t least first fluid material plug, said at 
introducing said at least fir ma terial 
least sample fluid plug, said at least sec 

, said at least third fluid material plug compr 

plug and sa d at ^ ^ ^ ^ ^ 

of said at least first fluid material, and applying a 
S T fr' Lld source of said at least first fluid material 
voltage from said sour na terial is 

to said channel, whereby said first fluia 
introduced into said channel; 
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placing an end of said channel in contact with a 
source of said at least first sample fluid and applying a 
voltage from said source of said at least first sample fluid 
to saxd channel, whereby said first sample fluid is introduced 
14 into said channel; 

placing an end of said channel in contact with a 
source of said at least second fluid material and applying a 
voltage from said source of said at least second fluid 
material to said channel, whereby said second fluid material 
is introduced into said channel; and 

placing an end of said channel in contact with a 
source of said at least third fluid material and applying a 
voltage from said source of said at least third fluid material 
to said channel, whereby said third fluid material is 
24 introduced into said channel. 



40. a sampling system comprising: 
an electropipettor of claim 16; 

a sample substrate, said sample substrate having a 
plurality of different samples immobilized thereon; and 

a translation system for moving said electropipettor 
relative to said sample substrate, 

41. The sampling system of claim 4 0 , wherein said 
first end of said first capillary channel and said first end 
of said second capillary channel terminate in a fluid 
retention well at a tip of said electropipettor. 



42. The sampling system of claim 40, wherein said 
plurality of different samples are dried onto a surface of 
said sample substrate, and wherein said electropipettor is 
capable of expelling an amount of a fluid to resolubilize said 
5 sample on said sample substrate. 



43. The sampling system of claim 42, wherein said 
samples are applied to said sample substrate surface in a 
fluid form, and said substrate surface comprises a plurality 
4 of fluid localization regions. 
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44. The sailing system of claim 43, wherexn saxd 
flui d localization regions comprise relatively hydrophxlxc 
regions surrounded by relatively hydrophobic regions. 

45 . The sampling system of claim 43, wherein said 
fl uid localization regions comprise relatively hydrophobic 
regions surrounded by relatively hydrophilic regxons. 

46. The sampling system of claim 43, wherein said 
fluid localization regions comprise depressions on saxd 
surface of said sample substrate. 

47. The use of a substrate having a channel, in 

rHna at least a first subject material from at least a 
transporting at least a j 

48 A use of claim 47 . in which the ionic 
concentration o f said on. reoion is suhstantially than 
that of said subject materxal. 

49. A use of claim 47 or claim 48, wherein a 
pl urality of subject materials are transported, separated by 
high ionic concentration spacer regxons. 

„..v,=*-T-ai-P havinq a channel along 

50. The use of a substrate navxng 

which at least a first subset .aterial - 

electrophoretic bias compensation. ™ ^ „ alls 

into a first and a second portion, in which the wall 
of said channel are oppositely charged, such that 

ox maw , oac *. first subiect material 

electrophoretic hia, ; o, / , ^on is suhstantiaily 
:^™7X ^ltr^ «- due to transport in 

said second portion. 
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« * ° f Claim 50 ln WhiGh 3 first Electrode is 

e!IL 1 ren ° te ^ ° f Said firSt P ° rtion ' a -«»nd 

and a ^rd'erT^ " ^ 1 " t ™~ tl «» >~ said portions 
and a third electrode is located at a remote end of said 
second portion. 

substrate 11 *• ^ °' ^ ° f ClainS * ? t0 51 ' in whi <* s «<* 
substrate is a microfluidic system. 

•uta.t»<. 53 ' * ° f ° f ClainS 47 t0 51 ' in which «»• 
substrate is an electropipettor. 

54. A use of claim 53, in which said 

subtcTmT T 3 Bain Channel f ° r tB ^ti. of said 
sub 3 ect material and at least one further channel fluidly 

connected to said main channel from which a further material 
to be transported along said main channel is obtained. 

55. A use of claim 54, in which said further 
material is drawn into said main channel as a buffer region 
between each of a plurality of separate sublet materials. 

56. The use of a microfluidic system having at 
least a first and a second fluid channel which intersect, in 
optimising flow conditions, the channels having different 
depths. 

57. a use of claim 56 in which one channel is 
between 2 to 10 times deeper than the other channel. 

58. The use of a microfluidic system having a first 
channel and a second channel intersecting the first channel, 
in electrophoretic compensation, the intersection between said 
channels being shaped such that a fluid being transported 
along said first channel towards said second channel is mixed 
at said intersection and any electrophoretic bias in the fluid 
xs dissipated. 
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59 A microfluidic system comprising a substrate 
having a channel, in which at least a first subject material 
is transported from at least a first location to a second 
location along said channel, utilizing at least one region of 
low ionic concentration which is transported along said 
channel due to an applied voltage. 

60 The system of claim 59, in which the ionic 
concentration of said one region is substantially lower than 
that of said subject material. 

61. A system of claim 59 or claim 60, wherein a 
plurality of subject materials are transported, separated by 
high ionic concentration spacer regions. 

62 A substrate having a channel along which at 
Xeast a first subject material may be transported, in 
electrophoretic bias compensation, said channel 
into a first and a second portion, in which the wall or walls 
of said channel are oppositely charged, such that 
electrophoretic bias on said at least first subject material 
dU e to transportation in said first portion is substantia ly 
compensated for by electrophoretic bias due to transport in 
said second portion- 

63 A substrate as claimed in claim 62 in which a 
first electrode is located at a remote end of said first 
portion, a second electrode is located at the -ters-tion 
between said portions and a third electrode is located at a 
remote end of said second portion. 

64 . An electropipettor comprising a system as 

* „i a -i«c 59 to 61 or a substrate as claimed 
claimed in any of claims 59 to ox, 

in claims 62 or claim 63. 

65. An electropipettor as claimed in claim 64, 
having a main channel for transportation of said sublet 
material and at least one further channel f luidly connected to 
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said main channel from which a further material to be 
transported along said main channel is obtained. 

66. An electropipettor as claimed in claim 65, in 
which said further material is drawn into said main channel 
a buffer region between each of a plurality of separate 
subject materials. 



67. A microfluidic system having at least a first 
and a second fluid channel which intersect, said channels 
having different depths, in order to optimize flow conditions. 

68. A system as claimed in claim 67 in which one 
channel is between 2 to 10 times deeper than the other 
channel . 



69. A microfluidic system having a first channel 
and a second channel intersecting said first channel, the 
intersection between said channels being shaped such that a 
fluid being transported along said first channel towards said 
second channel is mixed at said intersection and any 
electrophoretic bias in said fluid is dissipated. 




FIG. 1 



WO 98/00705 



PCT/US97/109«3 



2/9 




FIG. 4A 



WO 98/00705 



PCTAJS97/10963 




202 



201 202 

FIG. 3A 

200 



202 



201 



202 201 

FIG. 36 



201 





FIG. 4B 




V- 



FIG. 6D 




FIG. 5 




PCT/US97/10963 



WO 98/00705 



5/9 



NO BIAS 




V+ 



-A7ZZ2. 



200 

4- 



^-154 

164M^166 156 
201 200 201 n '2&s&^160 FLOW 



7 



WZZZL 



NEUTRAL CATtONIC m 



152 



V+ H 



NO BIAS 





h- v- 



FIG. 6A 



NO BIAS 
NO BIAS 




V- 



FIG. 6B 



NO BIAS 



V+ 
1 



200 201 200 201 



i 

ANIONIC 



NEUTRAL 




NO BIAS 



FIG. 6C 



WO 98/00705 



• 




PCT/US97/10963 



ABSORBANCE 
(mOD) 



6/9 




4 6 

TIME (min) 



8 



10 



FIG. 7A 



ABSORBANCE 
(mOD) 



160 
140 
120 
100 
80 
60 
40 

20 

0 

-20 





2 3 

TIME (min) 



FIG. 7B 



WO 98/00705 



PCTAIS97/10963 



7/9 



180 r 
160 

140 

120 

ABSORBANCE 100 
(mOD) go 




4 5 6 
TIME (min) 



8 



FIG. 7C 



FLUORESCENCE 
INTENSITY 



30000 r 



35000 - 



20000 - 



15000 - 



10000 - 



5000 




200 



400 



600 
TIME (sec) 



FIG. 10 



WO 98/00705 



PCT/US97/10963 



8/9 



800 



812 



m 806 808 




FIG. 8 



FLUORESCENCE 
INTENSITY 



60000 



50000 - 



40000 



30000 




FIG. 9C 



WO 98/00705 



" PCT/US97/ 10963 



9/9 



FLUORESCENCE 
INTENSITY 



1200 - 



1000 



800 



600 



400 



200 




40 



TIME (sec) 

FIG. 9A 



FLUORESCENCE 
INTENSITY 



16000 r 



14000 - 



12000 ~ 



10000 - 



8000/7 



6000 




300 



310 320 330 340 350 360 

TIME (sec) 

FIG. 9B 



370 380 390 400 



INTERNATIONAL SEARCH REPORT 



Irtemauooal application No. 
PCT/US97/10963 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) : G01N 27/26, 27/447 

B. FIELDS SEARCHED 

"^^^^^^m^^aa^^^^i^^^^^^y^ 01 Wto*^ by ductal lymbob) 
U.3. : 204/451, 452, 453, 454, 455. 601, 602, 603, 604, «nd 605 



Documentation »c»n^ 



documentation to the eitent that tuch document air included in the Geld* icarched 



Bkotfomc data base oooauked during the international 
CA:PLUS, USPAT, WRDS, JPOABS 



•CRich (name of data baaeaud, where practicable, search tenni used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 

Cteg^yj C italkmof*>cunic^ 



Relevant to claim No. 



KOPWILLEM et al. Serum Protein Fractiona tion by *™*> 
Isotachophoresls Using Amino Acid Spacers. Journal of 47-49, 59 61 
Chromatography, 1976, Vol- 18, pages 35-46. 

HOLLOWAY et al. The analysis of amino acids and peptides I 20-32, 3*39, 
by isotachophoresis. Electrophoresis, July 1981 , Vol. 2, No. | 47-49, 59-61 
3 pages 127-134. 

US 5,282.942 A (HERRICK ET AL) 01 February 1994 50-5 1 ( 

US 5.358,612 A (DASGUPTA ET AU 25 October 1994 | 1-4, 50-51. 62, 



of Boa C. Q See patent fiwmly annex. 




5^ of the actual uumpUtiw i of tne 'n*cimtinm\ aearoh 



21 SEPTEMBER 1997 



Name and 




of the ISA/US 



WaaUaftoav D.C. 20231 

FaftirM^ No. 

Pom PCT/BArtl 0 (taxmi nhaW*/ WW)* 




Me of onakg otibc **"«»•"*■'> • e * n * * c P° it 

I 2 NOV 1981 




JOHN S. STARSIAK, JR. 



tiUJ 



3064)661 



• 



INTERNATIONAL SEARCH REPORT 



C (ContentioQ). DOCUMENTS CONSIDERED TO BE RELEVANT 




lotentatkmal application No. 
PCT/US97/10963 



Category' 



Citation of document, with indication, where appropriate, of the relevant outages Relevant to claim No. 



US 5,415,747 A (HOLLOWAY) 16 May 1995 



1-4, 50-51,62, 63 



Bonn PCT/B A/210 (oonrtnttartrm of accond ahoetXJtily 1°92>* 



INTERNATIONAL SEARCH REPORT 



emtfSKl tpptieatioo No. 

PCT/US97/10963 



Bail Oba^rvntJow wh« ecrtem emus* v*« found MSfmrekibto (ContmMtion of it^ 1 of fu^l »he*) 




Thb wteniatiooal report has not been established in respect of certain claims under 
I. Q Claims No*.: 



J7(2X») ^ ^ foUow* 0 * reasons: 



because they relate to subject matter not required to be searched by this Authority, namely: 



2. 



□ ^ci^y'rekie to parU of the «nU*i»Uiooal application Out do not comply wkh the prescribed requirement, to »uch 
an extent that no meaningful intonation*! aearch can be carried out, specifically: 



3. fx] Claims Not.: 52-55 and 64-66 

because they are dependem ckima and are not drafted in 



Accordance with me second and third sentences of Rufe 6.4(a). 



2*/M sheet) 



iom i| Qbt «rT»n*as»wfcw»^ofsn^^ 

This Jjuernatiooal Search.* Authority found multiple uvtatkms in tms irternauooal appUcation, as follow. 

Pkase See Extra Sheet. 



I. Q As*llrequri*«kl^ 



claims 



2. □ Asallse«chabiechums«,u^ 
of sjiy additional fee. 

3 Ha Asc^yaomeofthere^«W^ 
L - 1 onry those claims for wm^ 

1-4, 20-32, 3S-39. 47-51, 59-63 



4. PI No required addtinnal search fees 
' mtr kted to the invention first 



timely paid by the appucant Consequently, this intonatkwial search report is 
in the cJaans; it at covered by claims Nos.; 



Q The additional search fees were a cc ompa rrind by the applicant's protest. 
No protest aewmspaiiW 

Form PCT/ISA/210 ( cuUwniation of first ahect(l)XJuly 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/ 10963 



BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions aa follows: 



This application 
inventive concept 
feet must be paid 



. the following motions or groups of amotions which arc not 10 linked as to form a single 
PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 



Group I, claim(s) 14, 50-51, 62, and 63, drawn to a microfluidk system with compensation for clectropboretic bias by 
the use of surlace charges of oppoaite polarity. 

Group Q, claim(a) $-10, 58. and 69, drawn to microfluidk systems with compensation of clectrophoreUc bus by the use 

of branched channel with a particular shape. 

Group m, claira(s) 11-14, drawn to am ckotropipcttor. 

Group IV, chants) 15-19, drawn to an etoropiprttor wWi a plurality of channels. 

Group V, claan(s) 20-32, 31-39, 47-49, and 59-61 , drawn to nucrofhridk sysleoia/tnethods involving the use of fluid 



Group VI, clanafs) 33-37, 56-57, 67, and 68, drawn to nucroftudfe systems with channels of different depths. 

The inventions hated as Groups 1-Vl do not relate to a smgfc imrenuVe coocept under PCT Rule 13 .1 becaus e, unde r 
PCT Rule 13-2, they lack the same or ooireaponding apecial technical features for the following reasons: the special 
technical features claimed sa each of the groups is not claimed in the others. Pore example, the special technical 
feature of Group 1 is compensation of eJcctrcphorctic bias by the sue of surface charges of opposite polarity where the 
special technical feature of Group (V is channeb of different depths. Since the special technical feature of Group IV u 
not present in Group I, unity of mvcatm is lacking. SmuTarty, the special technical feature of any one of the group, is 
not present in the other groups. 



Pom PCT/BA/210 (extra abectXJuly 1992)* 



